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With the rising of vehicle trips to the campus of National University of Singapore (NUS), 
insufficiency of parking facilities within the campus may become a serious problem. To 
alleviate this problem, NUS administration tries to attract more infrequent drivers 
(normally non-season car park users) to use the car parks at the fringe of the campus. So 
there is a need to understand the parking choice behavior on campus. The objective of 
this study is to build a probabilistic model to explain the parking location choice behavior 
in NUS campus and examine the effects on parking choice of personal socioeconomic 
characteristics and parking facility characteristics. 
 
Binary logit (BL) model is selected as the analytical tool in this study. Two alternatives 
as free-of-charge car park and charged car park are defined in this model. Twelve car 
parks are involved in this study, for they are designated for the non-season car park users. 
To calibrate this model, a revealed preference (RP) survey on NUS campus was 
conducted in 2002. In the end, a total of 257 samples were collected. 
 
Five variables out of fifteen are proven to be significant in the BL model. Walking 
distance and parking price are the most important factors in the choice behavior. During 
the process of model validation, the prediction results of parking vehicles at different car 
parks coincide with the observation data very well. 
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  Summary 
 It is found that the probability of choosing charged car park will decrease by 11% with 
an increase of S$ 1 in parking fee per day, holding all other variables at their means. The 
parking cost elasticity is -0.485 for the alternative of charged car park. The value of 
walking distance is equal to S$25.3 per hour in this study.  
 
To show the usefulness of the choice model, a specific example of model application is 
provided after the validation of model. It shows that the usage of free-of-charge car parks 
will increase by 23.12% with two times of present parking rate, while it will increase to 
65.8% with the combined measure of decreasing 6 minutes on waiting for and taking on 
the shuttle bus. Also, a general suggestion to reduce the usage of parking facilities in core 
area in NUS campus is proposed based on these predictions. 
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  Chapter One: Introduction 
 
Chapter One Introduction 
 
 
1.1 Background of the study 
 
Parking is an important element of transportation system in the campus of colleges or 
universities. First, parking affects transport mode choice because scarce, inconvenient, or 
expensive parking is a disincentive for using private automobile and forces the people to 
choose other alternatives as the means of transport. Second, parking also affects the vitality 
of the communities, as well as the efficiency of traffic circulation in campus. Insufficient 
parking supply and poor parking services will not only restrain the individuals from visiting 
this community, but also increase unnecessary traffic volume and decrease the travel speed 
of the on-campus transportation system, especially during the peak hours.  
 
As a hub of providing higher education and conducting research works, the National 
University of Singapore (NUS) experienced an unprecedented growth period in the past 
decade to keep pace with the fast development of the society. Over the past decade, the 
enrolment in NUS rose by 75% to 30,698 in the academic year 2000/2001, which is more 
than three times the number that was originally planned for. Moreover, more students than 
before choose private car as the main travel mode to go to school because universities 
could no longer provide on-campus housing for the majority of the students (Foong, 2002). 
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In addition, with the expansion of building construction to cater to the rising teaching and 
research activities in NUS, some parking lots have been removed to give way for new 
buildings, which produce the new demand for car parks accordingly. Moreover, as required 
under the Land and Transport Authority’s (LTA) regulations, most of the campus 
developments have surface car parks. These above reasons lead to the problem of 
insufficient parking facilities within NUS campus.  
 
Another problem facing the campus is the unbalanced parking demand on the parking 
facilities in that people are more inclined to use the car parks within campus than those at 
the fringe of the campus, although the car parks within campus are charged while the latter 
are free-of-charge. The reason is that the car parks within campus are very close to their 
destinations and some of them are sheltered. They make such decisions based on the trade-
of between convenience and cost. Their preference makes the problem of insufficient 
parking resource within campus more seriously, especially during the morning and evening 
peak hours. So for the university authority, they want to set up some efficient policies to 
attract more infrequent drivers to use the car parks at the fringe of campus. 
 
There are two distinctive ways to tackle these above two problems. One is to construct 
additional parking facilities within campus to accommodate increasing car parking demand. 
However, this solution entails high costs for it requires massive investments for land 
acquisition. Considering the intensive land-use density on NUS campus, it is very difficult 
to build any new car parking facilities in the campus. The other solution is to moderate the 
demand for car parks on one hand, and improve the use of available parking facilities 
through low /cost management techniques on the other hand. The methods of imposing the 
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charges on the use of car parks within campus, restricting the infrequent drivers from using 
some car parks, and devising different pricing structure for different car parks and users, as 
well as providing the free-of-charge car park users at the fringe of campus with free 
Internal Shuttle Bus (ISB) service are adopted by NUS administration to alleviate this 
problem.  
 
Although these measures implemented on NUS campus to some extent have decreased the 
demand on parking facilities within campus, another problem that how to attract more 
drivers to use the free-of-charge car parks at the fringe of campus to balance the parking 
demand at different locations has not been solved yet. The main reason is partially because 
of the limited information on the behaviors of car park users. Unless we understand well 
about what the drivers really concern during the process of searching for their ideal car 
parks and how the characteristics of facilities, policies and drivers affect their choice, it is 
impossible for us to manage and utilize all these car park resources in the most efficient 
way. 
 
It may be achieved by the study of parking location choice behavior on campus, which 
aims to find out the factors that are important in the searching process for a parking 
location for the drivers and the way in which these factors affect their behaviors. The study 
results can also be employed to estimate the impacts of some specific parking policy 
measures, such as parking pricing and parking supply, on the changes in the utilization of 
parking locations. In addition, the findings are also useful in the parking planning for a new 
campus.  
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There are many researchers who have focused on parking choice studies in CBD of cities, 
such as Hunt and Teply, (1992), Lambe (1969, 1996), Tsamboulas (2000), Hensher and 
King (2001), Shoup (1999), Ergün (1971) and Goot (1982). Although some parking related 
studies in campus environment have been found in the literature review, they are more 
focused on parking generation and attraction, parking allocation as well as parking demand 
of universities campus, rather than parking location choice. Guyton and Upchurch (1975) 
presented a table indicating parking spaces per 100 persons based on enrollment and urban 
area and other relationships related to parking demand according to the survey results of 
over 100 colleges and universities in United States. Some parking allocation models 
(Young, Thompson and Taylor, 1991) were also developed in campus environment, but 
they aimed to ensure that the existing parking facilities were used as efficiently as possibly 
with aggregate models, rather than the individual demand on parking. For example, 
Whilock (1973) presented a linear programming model to determine the minimum cost 
option for the universities and applied it to parking at Carnegie-Mellon University. 
Stanford University has developed an optimization model to examine the distribution of 
current and proposed parking spaces on campus and to determine the level of services for 
each planning region (Perkinson, 1989). Smith (1990) provided guidance on the 
interpretation and application of the parking generation data of different parking facilities. 
The study of parking demand on NUS campus by Halim (2000) was mainly based on the 
analysis of parking counts and OD estimation technology. Due to different environment, 
area size, study purpose, and the properties of car parks, the research finding results in 
other cases cannot be transferable to this study. So it is important to investigate the parking 
behaviors on NUS campus.  
 
National University of Singapore  - 4 -  
  Chapter One: Introduction 
1.2 Parking facilities and price structure at NUS  
 
There are totally 23 car parks available on campus, two of which at the fringe of campus 
are free, twenty-one located within the campus are charged. They are classified further into 
four types based on the parking pricing structure: Free-of-charge Car Park, Season Car 
Park for Staff, Season and Pay Car Park and Evening Pay Car Park. Their capacities, target 
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Table 1.1. Capacities, target users, names and charges of individual car parks at NUS 
 
 
Car Parks Capacities visitor 
lots 
Charges 
Free-of-charge Car Parks (for both season and non-season drivers) 
Car Park 10A @ CRISP Satellite Station 32 32 
Car park 12 @ Kent Vale Car Park 316 316 
Free 
Season and Pay Parking Car Parks (for both season and non-season drivers) 
Car Park 2A @ University Hall 131 21 
Car Park 3 @ University Cultural Centre 
and Office of Estate and Development 
301 282 
Car Park 4 @ Raffles Hall 80 49 
Car Park 5 @ Sports and Recreation 
Centre 
132 118 
Car Park 10 @ School of Computing 382 231 
Car Park 10B @ Prince George's Park 
Residences 
157 157 
Car Park 11 @ Behind BIZ 157 114 
Car Park 12 @ Hon Sui Sen Memorial 
Library 
71 27 
Car Park 15 @ Temasek and Eusoff 
Halls 
487 202 
Car Park 16 @ LT 11 31 27 
z Monday-Friday: 8.30 am 
to 5.30 pm  
z Saturday: 8.30 am to 1.00 
pm,  
z 1.5 cents per minute 
(rounded off to the nearest 
cent). 
z Outside these hours and on 
Sundays and public 
holidays, parking is free.
 
Season Car Parks for Staff only (for staff season drivers only) 
Car Park 1 @ School of Design & 
Environment 106 
0 
Car Park 2 @ Faculty of Engineering 151 0 
Car Park 2B @ Faculty of Engineering 61 0 
Car Park 6 @ S7 and Science Drive 3 57 0 
Car Park 6A @ S1A and Science Drive 4 47 0 
Car Park 7 @ LT 23 and Science Drive 2 76 0 
Car Park 8 @ S16 and Science Drive 1 28 0 
Car Park 9 @ LT 29 111 0 
Car Park 14 @ AS7 137 0 
Car Park 18 @ Old Admin Block 55 0 
 
z $20 per month for an open 
lot.  
z $40 per month for a 
reserved open lot  
z $60 for a covered 
(reserved) lot. 
Evening Pay Car Parks*
Car Park 13 @ NUS Business School 




Car Park 17 @ Computer Centre 63 
 
0 (63) 
z Mon-Fri: 5.30 pm to 10.00 
pm, per entry is $1. 
z Saturday afternoons, 
Sundays and Public 
Holidays are free. 
 
Note: Source comes from Office of Estate & Development (OED) at NUS in Feb, 2001.  
*Evening pay car parks are open to all the visitors during the evenings, while they 
 can be used only by the staff season drivers except the evening time. 
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The motorists choosing to utilize the free-of-charge at the fringe of campus can take the 
ISB service from there to their destinations on NUS campus. There are three kinds of bus 
line serving on campus, which are ISB A, B and C (their terminals are shown in Figure 1.1). 
Their schedule headways range from 4 to 13 minutes during the peak hours.  
 
 
1.3 Objective and scope of this study 
 
The objective of this study is to build a probabilistic model to describe the relationship 
between the probability of choosing a parking location and the personal socioeconomic, 
travel related and parking facility characteristics with the view of understanding the 
parking location choice behavior in NUS campus.  
 
The study focus is on the infrequent drivers and visitors, also called non-season car park 
users in this study, who do not pay the parking cost on monthly basis, compared to those 
who pay their parking cost monthly.  
 
The study area of interest is confined within the campus of NUS, which has 23 car parks in 
total. However, only 12 car parks are designated for non-season car parkers. So the data for 
model calibration are collected just from these 12 car parks, which are shown in Figure 1.1. 
 
Logit model is selected as the analytical tool in this study from a competitive set of models. 
Then the model is calibrated with survey data from NUS campus and the results are 
analyzed to find the significant factors affecting parking choice in NUS campus. To 
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illustrate the usefulness of this model, the effects on the choice of different parking policy 
related factors are examined. 
 
 
1.3 Outline of the thesis 
 
The thesis is organized into seven chapters.  Chapter Two discusses the methodology of the 
study. It is divided into four parts: (1) selection of a suitable discrete choice model to 
describe the relationship between probability of choosing a park and the related affecting 
factors; (2) specification of the selected model with special efforts on the factor selection, 
utility function specification and survey data collection; (3) interpretation of model results, 
model validation, as well as the analysis of the survey results; (4) model application, which 
is based on the NUS campus condition. 
 
Chapter Three discusses the selection of suitable model in this study. It begins by 
reviewing the available discrete models. The assumptions, advantages and disadvantages, 
as well as the limitations and applications of these models are proposed correspondingly. 
After that, the selection criterion of a suitable model is suggested and the reason of 
proposed model for this study is discussed later. 
 
Chapter Four emphasizes on the model specification which involves the description of the 
structure of proposed model, the selection of explanatory variables, the definition of the 
mathematic form of the utility function and identification of the choice set. This is followed 
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by elasticity of logit model, as well the methods of model estimation, evaluation and 
aggregation. Finally the survey to obtain appropriate data is introduced. 
 
Chapter Five summarizes the main findings of the parking choice survey from statistical 
point of view and presents the model estimation results of location choice for NUS campus 
parking. In addition, model validation is processed by comparing the observed and 
predicted vehicle numbers at different parks to validate the model results. Then the 
evaluation of the model suitability and the detailed interpretation of significant variables 
are followed.   
 
Chapter Six shows a specific example of model application in NUS campus, which is 
intended to predict the parking usage by different located parks with different measures of 
parking management scenario based on the model estimation results. 
 
Chapter Seven gives a general discussion of the results and proposes the limitations of this 
study. Also some recommendations on how to overcome these limitations, as well as the 
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Based on the parking and traffic problem that NUS is facing, there is a need to develop a 
parking location choice model to find out the major factors affecting choice behavior in 
campus and how these factors impact the parking choice behavior, and then analyze the 
parkers’ responsiveness to different measures of parking policies with this tool. 
 
In order to understand the individual’s decision on parking location choice, disaggregate 
or user-level instead of zone-level data are collected in this study. This kind of model is 
superior to the conventional models when an attempt is made to explain individual 
behavior, as they are more stable in time and space (Spear, 1977). In addition, behavior 
approach will be more efficient than the aggregate model in terms of information usage, 
such as the parking policies, because it takes the socioeconomic characteristics into 
account within the explanatory variables (Ortúzar and Willumsen, 1994). 
 
The methodology in this study is divided into four steps: 1) model setup: choose a 
suitable model structure to model the choice behavior in campus; 2) model development: 
discuss the explanatory variables related to socioeconomic, travel related and parking 
facilities characteristic, specify the selected model and present the methods of model 
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estimation, evaluation and aggregation; 3) model results and analysis: analyze and 
interpret the survey results and model findings, as well as validate and evaluate the model 
results; 4) model application: predict the probabilities of choosing alternative parks with 
different policy measures to show the usefulness of this model. 
 
 
2.2 Model selection 
 
 
The first step in the methodology is the selection of a statistical model that is suitable for 
the study. This is done by first introducing random utility theory, which is the core 
knowledge of choice behavior and the foundation for all the consequent discrete choice 
models. Then this is followed by reviewing the different types of discrete choice models 
that have been used in parking location choice and parking allocation studies. All of these 
models are formulated based on different assumptions and thus have corresponding 
advantages and disadvantages. In order to find the suitable models, it is vital to examine 
their underlying assumptions as well as their limitations during the selection process. 
 
Considered that the choices of alternative parking locations are merely categories, instead 
of rankings or counts, order discrete models and count models will not be treated as the 
potential models and only cardinal disaggregate models are discussed in this section.  
 
Multinomial Logit (MNL) model is the most popular practical discrete model. However, 
it may give rise to problems when alternatives are not independent or when there are taste 
variations among individuals (Ortúzar and Willumsen, 1994).  
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Williams (1977), as well as Daly and Zachary (1978) proposed the Nested Logit (NL) 
model to solve the problem of non-independent alternatives which MNL model can not 
overcome. However, it is not a random coefficients model like MNL model, and cannot 
cope with taste variations among individuals. Moreover, alternatives in one nest cannot 
be correlated with alternatives in another nest in NL model (Sobel, 1980).  
 
Both of MNL model and NL model are unable to treat the problem of random taste 
variations, while Multinomial Probit (MNP) model can handle this problem (Daganzo, 
1979). Because of computationally difficulty, however, this kind of model is not easy to 
be solved except for cases with up to three alternatives (Daganzo, 1979).  
 
As the subset of MNL and MNP model, binary logit (BL) model and binary probit (BP) 
model are only suitable for the case of two alternatives involved. Actually they have 
similar properties as those of MNL model and MNP model except the different number 
of alternatives.  
 
In order to determine which one is most suitable in this study, a detailed review of all 
these disaggregate models will be presented. It is followed by the criteria and specific 
reasons for choosing the most suitable model. In the end, BL model is decided as the 
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2.3 Model development 
 
 
After selecting the most appropriate model, the next step is to specify this model. In order 
to complete this, four sub steps are involved as such: firstly, a brief mathematical 
derivation of the selected model and the underlying assumptions are introduced in the 
discussion. Then, a careful examination on the selection of independent variables for the 
model is followed because good statistic models should take into account all the possible 
factors which are not correlated intuitively, otherwise the models’ power of explaining 
the fact will be in doubt. After finishing the selection of independent variables for the 
model, the specification of utility function is discussed in detail. This includes the 
selection of the mathematical form, as well as the way in which these chosen variables 
enter the model. The last step of specifying this discrete choice model is to identify the 
individual’s choice set. For discrete choice models, the definition of choice set is very 
important to make sure that all the individuals have the same choice set. In this study, a 
total of 12 car parks will be considered as the study object, while they are classified into 
two types as free-of-charge car park and charged car park according to the pricing 
structure, which stand for the dependent variable. 
  
Furthermore, by checking the structure of the model, and the relationship between 
dependent and the independent variables, a method of estimating the parameters will be 
proposed. To verify that the proposed model has sufficient explanatory power, the 
methods of evaluating the model results are given. A goodness-of-fit test which makes 
use of the log likelihood index ratio, such as  and 2ρ 2ρ , overall test of fit, informal test 
of the coefficients as well as the hit ratio, are used in this study. To demonstrate the 
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usefulness of this disaggregate model with the prediction ability on zone level, the 
methods of model aggregation are also proposed in this section. 
 
In order to calibrate the model, data of parking choice behavior on NUS campus at 
individual level is required. A revealed preference (RP) survey is then devised and 
conducted in those 12 car parks in 2002. The purpose of this survey is to obtain the real 
data related to personal socioeconomic and travel characteristics, as well as park facility 
characteristics. To get more information of this survey, the detailed description of this 




2.4 Model results and analysis 
 
 
Both of the above two steps are prepared for the third part of this study, which is the most 
important step in the methodology. First, the statistical values of the variables, as well as 
the differences between free and charged parks with respect to socio-economic, travel 
and parking related characteristics are summarized. Also the relationship among these 
variables and the distribution of some major factors are discussed.  
 
Then, the estimation results of the parameters in this model are provided. They include 
the estimated values of the parameters, the information of different model evaluation 
measures, as well as the judgments on the sign and magnitude of the estimated 
coefficients. It is followed by model validation, which aims to make sure that the model 
results are good enough to go further on the model application. In order to examine the 
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relative effects of significant factors, their odds ratios are obtained and the elasticity of 
BL model is investigated. At the meantime, the value of walking time and the time 
waited for and spent on shuttle bus are calculated. Also, the reasons why these factors 
remain in the model while the others are dropped are explained.  
 
 
2.5 Model application 
 
The model is applied to predict the parking usage at both the free-of-charge and charged 
car parks under different measures of parking policy related factors, such as parking 
pricing structure, parking supply and ISB service, which may be changed in future. 
According to the problems NUS are facing, some suggestions are proposed on the basis 








This chapter has presented an overview of the methodology adopted in this study and is 
divided into four main steps as model selection, model development, model result and 
analysis and model validation and application. The structured methodology will allow the 
model to be properly specified and tested so that it can be used confidently. The details 
will be described in the following chapters. 
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Chapter Three 





Model selection plays an important role in the whole modeling process because it 
provides the foundation that model development and application are based on. Normally 
the wrong choice of a model will lead to biased estimate of the parameters and wrong 
prediction of probabilities on different alternatives.  
 
This chapter concentrates on two parts: choice theory and model selection. The first part 
not only introduces the origins and developments of choice theory, but also gives the 
specific model structure which leads to different discrete choice models. The second part 
first introduces the available discrete choice models in detail, including the mathematical 
formulas, different assumptions, advantages and shortcomings, as well as applicable 
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3.2 Choice theory 
 
Until the early1980s, aggregate model which is based on a zonal level prevailed in the 
field of transportation demand forecast, although the major deficiencies of such models 
were proposed by Warner (1962). For example, they can not reflect the policy changes. 
Only after then, the disaggregate demand models which are based on observed choice 
made by individuals started to be considered as a serious modeling option (Ortúzar and 
Willumsen, 1994).  
 
Disaggregate demand models are also called discrete choice model or individual choice 
model. They are mainly studied by McFadden, Manheim, Ben-Akiva and Lerman in 
1960s (Ortúzar and Willumsen, 1994). These models are based on the theories of 
individual behavior and have specific hypnosis of the behavior, and thereof, are stronger 
than the conventional models and more stable. In addition, they require small samples for 
the purpose of calibration because they consider individuals as the unit. Also, they can 
evaluate the reaction to the changes of policy and management measures (Ortúzar and 
Willumsen, 1994).  
 
In general, choice model can be derived from different choice theories, such as economic 
consumption theory (Lancaster, 1966, Layard and Walters, 1978 and Varian, 1978), 
psychological choice theory (Luce, 1959), discrete choice theory and probabilistic choice 
theory (Ben-Akiva and Lerman, 1985). In practice, probabilistic choice theory is 
preferred for that it can explain experimental observations of inconsistent and non-
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transitive preferences, while the other theories can not (Ben-Akiva and Lerman, 1985). 
For example, individuals have been observed not to select the same alternative in 
repetitions of the same choice situations. Two reasons can explain this phenomenon: one 
is that human behavior is inherently probabilistic; the other is due to the lack of precise 
knowledge about individual’s decision processes (Ben-Akiva and Lerman, 1985). Luce 
and Suppes (1965) distinguished these two reasons by two approaches as constant utility 
and random utility to the choice model. 
 
In the constant utility approach, the utilities of the alternatives are fixed. Instead of 
selecting the alternative with the highest utility, the decision maker is assumed to behave 
with choice probabilities defined by a probability distribution function over the 
alternatives that includes the utilities as parameters (Ben-Akiva and Lerman, 1985). 
 
However, the most important and elementary theoretical framework for generating choice 
models is random utility theory (Domencich and McFadden 1975; Williams, 1977). In 
the random utility approach formalized by Manski in 1977, the observed inconsistencies 
in choice behavior are taken as the results of the inability of analysts to measure all the 
relevant factors that affect the choice behavior. So the utility of any alternative is viewed 
as a random variable and the individual is assumed to select the alternative with the 
highest utility. This leads to the concept of random utility model as the following: 
 
),()( njninrn CjUUPCiP ∈∀≥=          (3.1) 
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where Pr stands for probability, i represents the alternative, n represents the person, and 
C n  represents the choice set. U  is a random variable and can be expressed as a sum of 
systematic (or observable) component and random (or unobservable) component
in
inV inε , 












     (3.2) 
 
Based on different assumptions of the joint distribution of the random component in 
Equation (3.2), different discrete choice models may be derived. Logit models may be 
derived if the random components are logistically distributed, while probit models may 
be obtained if the random components are assumed normal distributed. The specific 
models are given in detail in the next section. 
 
 
3.3 Discrete choice model 
 
In this study, the dependent variable of the model is the location choice of parking in 
NUS campus. It belongs to category variable, not rank or count variable, so only the 
cardinal discrete models are discussed later as the potential models. They include MNL 
model, BL model, MNP model, binary logit model and binary probit model. 
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3.3.1 Multinomial logit model  
 
Based on the assumption that the random components of utilities of different alternatives 
are independently and identically distributed (IID) with the Gumbel distribution, 
Domencich and McFadden (1975), and Ben-Akiva and Lerman (1985) derived the most 
famous MNL model: 
 










     (3.3) 
where the sum in the denominator is over all available alternatives and the parameter β is 
related to the common standard deviation of the Gumbel variate by (Ortúzar and 
Willumsen, 1994): 
 
         (3.4) 222 6/ σπβ =
 
This model is the simplest and most popularly used random utility model in practice. The 
most famous property of MNL is independence of irrelevant alternatives (IIA), that 
means the ratio of one probability over the other is unaffected by the presence or absence 
of any additional alternative in the choice set (Luce and Suppes 1965), which can be 
revealed by the following equation: 
 





in =         (3.5) 
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This property is on one hand considered an advantage of the model because it is able to 
forecast the share of a new alternative not present in the calibration stage, while on the 
other hand, it is also a disadvantage for it fails to cope with the situation of correlated 
alternatives (Ortúzar and Willumsen, 1994).  
 
Actually this shortcoming is originated from the assumption of IID of the random 
components of utilities. This assumption implies that any unobserved attributes that are 
important in the choice decision influence the random components for each alternative in 
exactly the same way. It has long been recognized that the MNL model is unsuitable for 
use in application in which the random components of utility are not IID across 
alternatives and observations of choices (McFadden, 1974; Daganzo and Sheffi, 1977). 
 
MNL model is selected as the tool in many cases. Teknomo and Hokao (1997) built the 
MNL model to study the parking location choice in the CBD of Surabaya (Indonesia).  
Goot (1982) also developed a MNL model to describe the choice of parking places in the 
central area of Haarlem (Netherlands). Other examples are found in Ergün (1971), 
Axhausen (1988) and Westin and Gillen (1978).  
 
 
3.3.2 Nested logit model 
 
Models that are less restrictive than MNL model can be obtained by relaxing the 
assumption that the random component of the utility function is independently and 
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identically distributed across alternatives and observations of choices. One way is to 
permit the random components of the utilities of different alternatives to be correlated 
while maintaining the assumption that they have the Type I extreme value distribution. 
This leads to the Nested Logit (NL) model (Daly and Zachary, 1979; McFadden, 1978; 
Williams, 1977). The NL model allows differential variance between subsets of 
alternatives while preserving the constant variance assumption amongst other alternatives.  



































   (3.7) 
and 
)(*)()( jiPjPiP ′′′=′      (3.8)   
 
where i represents level 1 and j represents level 2 in the nested structure model, while 
and represent one particular i and j in level 1 and 2 respectively. I(j) means the set 
of alternatives on level 1 related to alternative j on level 2, 
i′ j′
jλ  is the coefficient 
associated with the composite utility term on level 1 for the set of alternatives I(j).  
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The NL model permits some alternatives to have common unobserved attributes. 
Although NL model has the potential disadvantage of imposing IID on specific pairs of 
alternatives, it accounts for correlation between alternatives conditioned on a specific 
upper level alternative (Henser and Louviere, 1999).  
 
Researchers always selected NL model to study the parking location choice in CBD when 
they encountered the difficulties MNL can not solve. Hensher and King (2001) proposed 
a hierarchical structure in the model of mode and parking choice in CBD that the upper 
lever is between driving a car, using public transport and not undertaking a trip to CBD. 
Conditional on choosing a car, a parking alternative is then chosen from three 
observations. In the study of parking choice for work trips, Hunt (1993) also proposed the 
nested structure within which one level is among off-street facilities, on-street facilities 
and employer arranged facilities, the other level is the individual locations among these 
three types of facilities. 
 
However, the NL model does not apply to panel data with unobserved heterogeneity, nor 
does it apply to the situation where there is random taste variation. The reason is that 
these two cases mentioned above involve forms of non-independence among the random 
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3.3.3 Multinomial Probit model  
  
Another more flexible way than BL model to relax the IID assumption of MNL model is 
to assume that the random components of utility have a multivariate normal distribution 
with mean zero and an arbitrary covariance matrix. This leads to the MNP model 
(Ortúzar and Willumsen, 1994). This model does not have the limitations of MNL model 
and NL model, because it treats all alternatives as correlated in their random components 
and unique distributed. This makes the MNP a highly flexible tool among discrete choice 
models.  
 
Although MNP model can treat the effects such as random taste variation and unobserved 
heterogeneity in panel data, it has the problem of algebraic complexity. Because its 
choice probabilities must be expressed as multivariate normal integrals, they are much 
more difficult to manipulate than are those of MNL model (Horowitz, 1991). Moreover, 
the behavior of a MNP model with a complicated covariance matrix for the random 
component of the utility function can be highly non-intuitive (Horowitz, 1991).  
 
In practice, only a few, very limited applications of MNP model have appeared in the 
travel demand literature (Ben-Akiva and Lerman, 1985). MNP model is seldom 
especially in the case of more than three alternatives involved in the choice behavior, on 
consideration that with the high cost, only marginal improvements can be achieved in the 
quality of the choice model (Horowitz, 1991). This opinion has theoretical basis in that 
the shapes of cumulative probability function of logistical and normal distribution are 
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similar. Also it is supported by the specific examples. For example, Lambe (1996) 
compared the results of MNL model and MNP model in the study of parking choice in 
Vancouver city and found that “logit model substantially reduces computer cost with 
negligible loss of accuracy when there are a large number of opportunities for choice”.  
So only in the situation that it turns out that logit models are found to be unsatisfactory is 
the MNP model then considered as a choice (Horowitz, 1991). 
 
 
3.3.4 Binary logit model and binary probit model 
 
Actually binary logit model and binary probit model have the same theoretical basis, 
assumption on the distribution of random components in utility function and model 
structure as MNL model and MNP model, except the different numbers of available 
alternatives. The limitation for these two models compared to MNL and MNP models is 
that they can only solve the problem with binary outcomes in the choice decision. 
 
Tsamboulas (2000) established the models for change of the parking location from the 
present one by binary logit model with the data from the CBD of Athens, Greece. He 
calibrated the model with two different sets of data from monthly paying drivers and 
hourly paying drivers. There are five variables in the model, which are difference in 
walking time, difference in parking fare, initial walking time, car trip distance and 
dummy for age group 1( 18 to 35 years old). They were employed to estimate the impacts 
of a specific transport policy related to parking fares. 
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3.4 Model selection 
 
All of these models are formulated based on varied assumptions and their applicability 
depends on the validity of these assumptions as well as the available alternatives. Probit 
model is more intuitively reasonable than logit model, for there are theoretical grounds 
for its assumptions about the normal distribution of the random components in utility 
function, but it has the unfortunate property of not having a closed form and the choice 
probability has to be expressed as an integral (Ben-Akiva and Lerman, 1985). However, 
this study is to analyze the quantitative effects of different parking policies with the 
developed model on NUS campus and thus expects to find a choice model that is “probit-
like” as well as convenient analytically. Due to the assumptions about the Gumbel 
distribution of the random components, logit model not only can approximate the normal 
distribution of probit model quite well, but also is analytically convenient (Ben-Akiva 
and Lerman, 1985). So logit models will be considered in preference in this study unless 
they are violated by the assumptions on the random components over the alternatives.   
 
A recognition that there is great similarity among ten charged car parks and between two 
free-of-charge car parks indicates that these two kinds of car parks share common 
unobservable errors. It means that the random components are not IID distributed across 
these alternatives. So the MNL model is not suitable in this study.  
 
Then NL model is considered as the next candidate because it can overcome the problem 
MNL faced. The nested structure is conceived as two levels: the first level is the choice 
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between the free-of-charge and charged car parks; the second level is the choice of 
specific car park among these two groups. However, considering that there is no 
difference for the parking location choice behavior among 10 charged car parks and 
between 2 free-of-charge car parks, combined with the purpose of this study, which is to 
attract more drivers to use the car parks at the fringe of the campus, instead of the ones 
within the campus, two alternatives are enough to be chosen as the dependent variables in 
the model. It means that the driver will only make a decision on whether to park his/her 
car at the free-of-charge car park or not when he/she searches for the right car park on 
campus.   
 
Moreover, these two alternatives are two different types of car parks and do not have so 
much similarity with respect to the location, service and pricing structure. The free-of-
charge car parks are located at the fringe of campus and provided with ISB service as the 
choice of park-and-ride mode for the drivers, while the charged car parks are located 
within the campus. They may be treated as two uncorrelated alternatives. So the binary 





This chapter describes the existing discrete choice models for parking location choice 
analysis, which include the logit models and probit models. The mathematical form, 
assumptions and limitations of binary logit model, multinomial logit model, nested logit 
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model, binary probit model and multinomial probit model are given. According to the 
analysis on the suitability of these models in this study, binary logit model is finally 
selected as the suitable model.  
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This chapter includes not only the description of the method of model estimation, 
evaluation criteria of the goodness of the model and model aggregation, but also the 
detailed information on the survey to collect the model calibration data.  
 
However, more efforts are spent on searching for a suitable model specification which 
involves four main steps: first is to state the structure of the selected model; second is to 
choose the explanatory variables which will enter the utility function; third is to specify the 
utility function of the model, which includes the mathematic form of the function and the 
way the explanatory variables enter this function and the last step is to define the choice set 







National University of Singapore  - 30 - 
  Chapter Four: Model Development 
 
 
4.2 Model specification 
 
4.2.1 Structure of binary logit model 
 
Binary logit model has been selected as the study model to capture the parking choice 
behavior in NUS campus. The assumption, structure and the deprivation of this model are 
all the same as those of MNL model discussed in Section 3.3.1. The mathematical structure 





















   (4.1) 
 
In the case of linear-in-parameter utilities, the parameter µ  cannot be distinguished from 
the overall scale of the 
β
s. For convenience, ′ µ  is generally assumed as 1 by arbitrary 
(Ben-Aviva and Lerman, 1985). Because of only two alternatives involved in the choice, 
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4.2.2 Explanatory variables 
 
4.2.2.1 Review of factors in parking choice studies 
 
Almost all the researchers studying parking choice behavior will include parking price and 
walking distance in their models, such as Hunt and Teply (1993), Lambe (1996), 
Tsamboulas (2001), Hensher and King (2001), Shoup (1999), Goot (1982), Westin and 
Gillen (1978), Ergün (1971), Thompson and Richardson (1996) and Axhausen and Polak 
(1991). Parking price is a very important tool in parking policy to affect parking allocation 
and usage. It will also play a vital role in the parking choice behavior on campus, 
especially in the case that there are free-of-charge parking facilities available. 
 
Hunt and Teply (1993) considered the angle between straight line from home location to 
destination and a straight line from parking location to destination as a major attribute in 
their parking choice study. Moreover, the attributes such as parking capacity, the type and 
condition of the parking surface at location, the type of winter provision, the safety, the 
cleanliness of the car park as well as the delay related to entrance or exit are also believed 
to affect parking location choice behavior in their study.  
 
In addition, Hensher and King (2001) selected personal socioeconomic factors such as 
personal income, trip purpose, number of adults in car, age, along with the factors of who 
pay the parking fee, line-haul time and egress time as independent variables to describe the 
parking location choice behavior in the nested logit model.  
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Ilan (1986) pointed out that the driver’s individual characteristics (e.g. value of time, 
income, ability to walk) may contribute to the decision on parking location choice, and the 
expected availability of spaces in each alternative, the level of service offered by each 
alternative and the instantaneous supply or occupancy rate are probably important 
explanatory variables.  
 
Goot (1982) found that the parking time restriction and illegal parking were both 
significant variables in the study of parking choice behavior in the center of Haarlem of 
Netherlands, while Ergün (1971) selected the duration time and sex as the important 
factors in his choice model. 
 
 
4.2.2.2 Attributes selected in this study 
 
These above attributes presented in Section 4.2.2.1 will not be borrowed wholly in campus 
parking choice model because they have the different applicable situations. For example, 
the type and condition of the parking surface is almost the same for all car parks across the 
campus, while it is quite different in a whole city, so it is not suitable in this study. 
However, many of them can be used in this case for they have the same applicable 
environment. Of course, some extra attributes need to be added into this model due to the 
different characteristics of NUS campus from those of CBD or cities. 
 
National University of Singapore  - 33 - 
  Chapter Four: Model Development 
 
Based on the review of the attributes adopted in other parking choice studies, combined 
with the purpose and objectives of this study, as well as the type and location of car park 
facilities at NUS, a total of 13 attributes are chosen in this study. They can be categorized 
into measurable and unmeasurable attributes. The measurable attributes are those that can 
be measured directly. They are grouped into: personal socioeconomic characteristics, 
travel-related characteristics and parking facility characteristics. 
 
Socioeconomic characteristics include age, gender, salary and status (student, staff or 
visitor). Because discrete model has the ability to combine the individual information with 
the model, it will be more accurate to add the socioeconomic characteristics into the model 
to describe the real choice behavior.  
 
Age  
Older people may be expected to walk shorter distances from the car park to their 
destinations. In order to protect the interviewees’ privacy, we provide them with three 
choices (as below 30, between 30 and 45, and above 45 years) in the questionnaire.  
 
Tsamboulas (2001) classified the people in Greece into two groups in terms of age: 18-35 
years and above 35 years. In Asian countries, people who are older than 30 years are 
normally considered as middle-aged. Also, we want to know whether the people who are 
older than 45 behavior differently from the younger people.  
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Gender  




With higher incomes, people may become more indifferent to parking costs. Dummy 
variables of salary are used to make the data obtained more easily, because people are 
normally not willing to tell a stranger the real value of their salary and are likely to refuse 
to answer the question or give the false answer.  
 
In Singapore, those whose annual salaries are above $30,000 may apply for credit card, 
while those who earn more than $45,000 per year are eligible to apply for gold credit card. 
These values represent medium and high salary respectively in Singapore and are referred 
as the standard of salary classification in the survey. They are divided into three groups: 
below $30,000, between $30,000 and $50,000, and above $50,000. 
  
Status  
For the users of pay parking, there are three different kinds of persons: student, staff and 
visitor. The different careers may make them choose the parking location in a different way. 
So we are interested to know the difference through calibrating the model with these three 
groups of data.  
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Travel-related characteristics include the vehicle occupancies and travel time of this trip. 
The numbers of persons in the vehicle may affect the decision of the driver on where 
he/she parks the car to some extent in that they have the different destinations. Travel time 
is to understand whether the driver will choose the nearest car park with respect to the 
driving time.  
 
Parking facility characteristics include parking cost, walking distance, parking duration, 
waiting time for shuttle bus, time spent on shuttle bus, who pays the parking cost and the 
number of parking lots. Because NUS provide the drivers with free ride at two free-of-
charge car parks, the time waiting for and spent on the ISB must affect their decisions on 
which car park should be selected. The less time spent on it, the higher probabilities of 
choosing free-of-charge car parks are. Many visitors coming to NUS campus for business 
or public affairs are not sensitive to the parking fee, because the costs are paid by their 
companies. 
 
Unmeasureable factors, such as the proximity, comfort, convenience, security and safety 
are more difficult to measure. They are not considered in this study for there is no enough 
human resource to record these values. In addition, their effects can be accounted for by the 
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4.2.2.3 The explanatory variables  
 
Based on the foregoing discussion, a total of 15 independent variables and a constant will 
enter the utility function initially. The definition of these variables and the way in which 
they enter the utility function is described in detail in Table 4.1. 
 
4.2.3 Utility function 
 
4.2.3.1 Mathematical form of the utility function 
 
It has been discussed that the random utility can be expressed as a sum of systematic 
component random componentinV inε  in the last chapter. Furthermore, and can be 
thought as the means of and , respectively. For any individual n, the alternative i 
can be characterized by a vector of attributes and the individual n is characterized by 




nS kn includes both  and , 
then the utility of i and j is written as: 
inz nS
 
jikXVV knkn ,)( ==                (4.2) 
 
The utility function has two different forms: linear and nonlinear. Linear function usually 
can be expressed as (Ortúzar and Willumsen, 1994): 
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Although it is very difficult to decide which kind of form is the best for the variables in the 
function, most researchers utilized this expression as the utility function in the choice 
model in practice, where the variables appear in the raw form (Ortúzar and Willumsen, 
1994).  
 
The non-linear function has many different forms based on the analysis of the data. The 
statistic transformation, such as the BOX-COX method, is widely used in the field of 
transport modeling (Gaudry and Wills, 1978). The transformation  of a positive 














    (4.4) 
It can be shown that if ,1...21 ==== kτττ  Equation (4.4) reduces to the typical linear 
form; if all kτ =0, it becomes the widely used log-linear form. 
 
Normally the linear function is probably adequate in many contexts (Daly 1982a). In the 
studies of parking location choice model, most of them adopted linear form for utility 
function because this method is easy to estimate the unknown parameters. It will be 
followed in this study. 
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4.2.3.2 Specification of the utility function 
 
In this section, specification of independent variables and parameters will be discussed. 
The variables in the utility may be classified into two kinds: generic and specific. If the 
variables appeared in the utility function of every alternative and their coefficients can be 
assumed identical, they are the generic variables, otherwise specific variables as shown in 
Equation (4.3). For such attributes as income, age, gender or other socioeconomic variables, 
they can not be treated as generic variables because they have no effects on the utility 
difference between two alternatives. 
 
To decide which variable enter the utility function and whether they are of generic or 
specific type to a particular alternative, a stepwise process is normally employed but 
starting with a theoretically appealing specification (Ortúzar, 1982). The initial 
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Table 4.1 Specification of utility function for two alternatives 
Variable Description Specification 
A1 1=YES, 0=NO ( age is below 30) specific 
A2 1=YES, 0=NO ( age is between 30 and 45) specific 
A3 1=YES, 0=NO ( age is above 45) specific 
GEN Gender (1= male, 0= female) specific 





SAL Salary below $30,000 (1=YES, 0=NO) specific 
TT Travel time of this trip in minute generic Travel-related 
Variables VOC Vehicle Occupancies  specific 
WD Walking distance in meter generic 
PD Parking duration in hour generic 
TWB1 Time waiting for shuttle bus in minute specific 
TSB1 Time spent on the shuttle bus in minute specific 
WP2 Who pay, 1= company, 0 = self  specific 





LOTS The number of lots generic 
Constant CONS   
 
Note:  1. TWB and TSB are specific to the alternative of free-of-charge car park,  
2. WP and COST are specific to the alternative of charged car park. 
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It is noted that among these explanatory variables in Table 4.1, the measurement of 
walking distance for free car parks does not include the distance for which the parker rides 
on the shuttle bus. Parking cost in the charged parking is calculated by the multiplication of 
parking rate of 1.5 cent per minute and the parking duration.  
 
4.2.4 Choice set 
 
The last step of specifying this discrete choice model is to identify the individual’s choice 
set. Based on the reasons discussed in model selection, two alternatives of free-of-charge 
car park and charged car park are considered as the choice set for the dependent variable. 
However, actually there are 12 individual car parks in this choice set, among which 10 car 
parks are charged and the other 2 are free-of-charge.  
 
 
4.3 Model estimation  
 
The most widely used estimation procedure is maximum likelihood estimation (MLE) for 
logit model. McFadden (1974) provided solid theoretical proof for the validation of this 
method. Here are the details of the formulation and results of the MLE. 
  
Suppose there are N individuals drawn at random from the whole population and there are 
two alternatives i and j in the choice set, the likelihood function is: 
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*ϕ        (4.5) 
where and represents the probability of individual n choosing alternative i and j 
respectively, and their mathematic function is given in Equation (4.1); if individual 




According to the discussion in Section 4.2.3, the utility function in this study will be liner-
in-parameter. For the sake of notational simplicity, define j ni nn
XXX −= , so that each 
element of  is defined as n
X
jnkinknk xxx −=  for k=1,…, K, where x represents the 
variables of utility function and k is the number of unknown parameters. Thus, Equation 





















e      (4.6) 
 
Taking the logarithm of Equation (4.5) and replacing this logit function, we may seek a 
maximum to: 








jnjninin PyPyϕ           (4.7) 
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Setting the first derivatives of ϕ  with respect to the coefficients equal to zero, the 












ϕ)          (4.8) 
 














ϕ))              (4.9) 
 
McFadden (1974) shows that ϕ  is globally concave, so if a solution to the Equation (4.8) 
exists, it is unique. The likelihood of β is consistent, asymptotically normal and 
asymptotically efficient.  
 
 
4.4 Elasticity of logit model 
 
It is very useful to know the elasticity of logit model, which represents the responsiveness 
of an individual’s choice probability to a change in the value of some attributes and is 
much more informative from a policy perspective than the estimated parameters. In this 
study, the direct disaggregate elasticity will be explored. The mathematical expression is 
shown below: 
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=               (4.10) 
The meanings of the above symbols are the same as those in Equation (4.6) in page 42. 
 
 
4.5 Model evaluation 
 
It is important to set the criteria to evaluate how good the model is on the basis of 
estimation results because it will help to select the best model from different specifications. 
In the case of logit model, there are mainly four measurements, which are informal 
goodness-of-fit index, the overall test of fit, informal test of the coefficients estimates as 
well as the measure of goodness of fit known as “hit ratio” despite of its undesirable 
properties (Tardiff, 1976). These methods are explained in the following. 
 
4.5.1 Informal goodness-of-fit index  
 
Informal goodness-of-fit index  is useful to evaluate the overall goodness-of-fit of the 
model specification. The value of the log-likelihood ratio index (rho-squared ) can be 





R  in regression analysis. In the case of more than one specification, it is useful 
to compare goodness-of-fit measure to select the better one. On the condition of everything 
else being equal, a specification with higher maximum value of  is considered to be 
better. According to Ben-Akiva and Lerman (1985),  is given by: 
2ρ
2ρ
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where )(βϕ ) is the log-likelihood value of the fitted model and )0(ϕ is the log-likelihood 
value of the model only with constant term. The value of  is between 0 and 1, the closer 
the approaching 1, the better the model specification. Although there is no general 
recommendation on what value of is sufficiently high, some researchers believe that the 
minimum value of 0.20 shows that the model is well fit to the real world population 





For the same estimation data set, the value of  for a model will always increase or at least 
stay the same whenever new variables are added to the utility function. To overcome this 
shortcoming, the adjusted likelihood ratio index 
2ρ




βϕρ K−−=      (4.12) 
where K is the number of variables in the utility function. The measure of [ ] is 
known as the Akaike Information Criterion (AIC), which may compensate for the fact that 
 will not be the maximum likelihood estimate in other samples and remove the effect of 
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4.5.2 The overall test of fit 
 
The overall test of fit is to verify whether all the components of β are equal to 0. The 
statistic is  distributed with K (it implies the model with K 
parameters) degrees of freedom. Assume the significance level is 95%, the null hypothesis 
that all the components of
)]}ˆ()0([2{ βϕϕ −− 2χ
β are equal to 0 would be rejected if the statistic value is larger 
than the critical value of (K, 95%). 2χ
 
Because this null hypothesis at a very low level of significance always can be rejected, this 
test is not very useful. To find a more rigorous test, the null hypothesis is devised as 
whether all variables except the specific constants are 0. In this null model, all the 
explanatory variables are 0 but the model has a full set of alternative specific constants. 
The statistic is asymptotically  distributed with (K-1) degrees of 
freedom in the case of two alternatives. Compare this value to critical value of (K-1, 
95%), the conclusion whether this null hypothesis is rejected may be reached. 
)]}ˆ()([2{ βϕϕ −− c 2χ
2χ
 
4.5.3 Informal test of the coefficients estimates 
 
The most basic test of the model estimation output is to examine the values of the 
coefficient estimates. Based on the modeling experience, analysts can get the sense of the 
priori expectations with respect to the signs and relative values of coefficients, which are 
very useful to evaluate the model estimation output initially. Also the signs of the 
coefficients may indicate whether the explanatory variable has a positive or negative effect 
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on the choosing probability. The positive value of the estimated coefficient indicates higher 
probability as the value of the independent variable increases and negative sign means the 
opposite to it. 
 
On the other hand, a ratio of two coefficients appearing in the same utility function 
provides information about a trade-off between the two corresponding variables. Normally 
the trade-off between components of walking distance and parking cost will be calculated 
to derive the value of walking time. It will validate the reasonableness of the model 
estimation through comparing this value with analogous one from similar models calibrated 
for other places and times. 
 
In order to check the significance of independent variables, t-statistic test is considered. If 
the t-statistic value of the parameters is larger than one critical value, the null hypothesis 
that each of the parameter values is equal to 0 at some level of significance can be rejected. 
It shows that the coefficients are significant and the model fits the data well in this case. 
 
4.5.4 Hit ratio (or % right) 
 
It is represented as the percentage of observations where the model assigned the highest 
probability of selection to the alternative actually selected. The mathematical expression is 









=       (4.13) 
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where  is the number of individuals choosing alternative i, is 1 if the highest 




4.6 Model aggregation  
 
While a disaggregate model is able to estimate individual choice probabilities, the 
prediction of aggregate behavior is more appreciated. There are several methods available 
in practice to aggregate the prediction results based on the discrete model. In this study, the 
method of sample enumeration is chosen because it can produce more accurate results 





P 1       (4.14) 
 
where  is the probability that individual n selects option i, while inP iP  is the probability of 
choosing alternative i for the whole population. This method requires a large computation 
work and is not useful in the long term prediction, which normally ranges from 10 to 20 
years in the practice of transportation planning, because the values of the explanatory 
variables in the utility function may experience a great change from the base year in which 
the model is calibrated. But it is practicable for moderate size and suitable in short-term 
(from 3 to 5 years) prediction. 
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4.7 Survey  
 
It is important to get the relevant data for the purpose of calibrating the choice model. A 
survey on parking choice behavior at NUS campus was conducted in 2002. To ensure 
efficiency and validation of these data, the survey should be planned well before 
implementation. The related information about this survey, such as the source of these data, 
the method of collecting these data, the survey venue and time, as well as the sample result 
are introduced in the following. 
 
4.7.1 Survey venue and time 
 
Both of the free car parking at the fringe of campus and the ten charged car parking located 
at the center in NUS campus that are allowed to be used by non-season car parkers are 
selected as the studying parks. Their specific location is seen from Figure 1.1.  The survey 
was conducted during the period from 8:00 am to 11:00 am in August, 2002.    
 
4.7.2 Survey method 
 
The parking lots drawn with white lines on the ground are reserved for non-season car 
parkers, although some season car parkers will utilize these lots when the red ones are 
occupied fully. So only the drivers using these lots were investigated. They were asked to 
fill in the survey form in the field.  
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Due to the different characteristics for free and charged car parks, two survey 
questionnaires are devised respectively. Besides all the questions provided for charged 
parks, additional three questions were included for the free parks, such as “by which way 
you get to the destination, shuttle bus or walk”, “how long will you wait for the shuttle bus” 
and “how long will you take on the shuttle bus”. The content of these two questionnaires is 
given in Appendix 1. 
 
4.7.3 Survey sample 
 
 As for the survey sample, Long (2001) proposed the guidelines for the use of MLE in 
small samples that it is risky to use MLE with samples smaller than 100 and a rule of at 
least 10 observations per parameter seems reasonable. In fact, it ranges from less than one 
hundred to several thousands in the study of parking choice in CBD or city. It is intended to 
catch all these parkers in this survey during the three hours period. However, some samples 
were missed due to responders’ unwillingness. 
 
A total of 257 samples were collected in this survey from 12 car parks. The distribution of 
the data over these parks as well as the capacity of each park for visitors is shown in Table 
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Table 4.2 Parking choice survey sample 
 
Number Car Park Lots No sample 
1 Car Park 2A @ University Hall 21 3 
2 Car Park 3 @ University Cultural Centre and Office of 
Estate and Development 282 13 
3 Car Park 4 @ Raffles Hall 49 8 
4 Car Park 5 @ Sports and Recreation Centre 118 37 
5 Car Park 10 @ School of Computing 231 30 
6 Car Park 10B @ Prince George's Park Residences 157 5 
7 Car Park 11 @ Behind BIZ 114 20 
8 Car Park 12 @ Hon Sui Sen Memorial Library 27 6 
9 Car Park 15 @ Temasek and Eusoff Halls 202 15 
10 Car Park 16 @ LT 11 27 3 
11 Car Park 10A @ CRISP Satellite Station 32 17 





This chapter details the process of finding a suitable model specification, which involves 
four steps such as the model structure, the explanatory variables, the utility function and the 
choice set. This follows the method of model estimation and the mathematical formulation 
and derivation of MLE are introduced in detail in this section. Also, four different kinds of 
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evaluation methods as informal goodness-of-fit index, the overall test of fit, the informal 
text of the coefficients estimates and hit ratio are adopted in this study. For the purpose of 
model application, this chapter also includes the part of model aggregation. To this end, the 
survey conducted to obtain the model data is introduced with respect to the survey area and 
time, survey method, questionnaire, as well as the sample size. 
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All the previous efforts are prepared to get the final results of the selected model. As the most 
important part of this study, this chapter will first summarize the main findings of the parking 
choice survey, including the statistical values and the differences of all the factors at free-of-
charge and charged car parks, the relationships among these factors based on the statistical 
tests, as well as the distribution of some major factors, such as parking duration and walking 
distance.  
 
Then the parking location choice model is calibrated with a binary logit model (BL) structure 
and the estimation result is presented with reduced variables after several rounds of trials. To 
evaluate the suitability and wellness of this model result, several methods discussed before 
are presented here.  
 
Before it is applied in the NUS campus environment, there is a need to validate the model 
results. It is done by comparing the difference between observed and predicted vehicles 
numbers. Then a detailed analysis and interpretation of the model results is followed. 
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5.2 Results and analysis of parking choice survey  
 
Table 5.1 summarizes the statistical results of this survey and compares the difference 
between free-of-charge and charged car parks with respect to all the relevant factors on the 
average value and their standard variance. 
 
From the survey data we know that the most significant difference between free-of-charge 
and charged car parks is the parking duration. Also, the differences of walking distance and 
travel time between free-of-charge and charged car parks are very obvious in this survey.  
However, other related factors do not show a significant difference between these two types 
of car parks, such as the vehicle occupancies, the status and gender. The details of those 
differences are presented in the following Sections. 
 
In addition to these differences of the parking location choice behavior between free-of-
charge and charged parking, the correlations among the factors of parking facilities 
characteristics and socioeconomic characteristics are also checked by the statistical method 
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Table 5.1   A descriptive profile of the relevant influences in parking choice survey 








)3(  (%) 
Free Charged Total 
 
Travel time (min) 28.41 19.67 23.65 44.4 13.97 12.41 14.30 
Walk distance (meters) 294.09 150.52 215.88 95.4 122.10 81.27 116.87 
Parking duration (hours) 7.5 2.36 4.70 217.8 3.59 1.97 3.05 
Vehicle occupancies  1.15 1.50 1.34 30.4 0.70 0.79 0.51 
By shuttle bus (yes=1, no=0) 0.31 - - - 0.46 - - 
Wait for shuttle bus (min) 7.76 
3(12.39)
- - - 4.13 
(3.69) 
- - 
Spent on shuttle bus ( min) 2.72 
3(8.83)  
- - - 4.57 
(3.70) 
- - 
Company pay (Yes=1, no=0) - 0.20 - - - 0.60 - 
Age below 30 (yes=1, no=0) 0.71 0.63 0.67 12.7 0.46 0.48 0.47 
Age between 30and 45 
(yes=1, no=0) 
0.19 0.29 0.24 52.6 0.39 0.45 0.43 
Age above 45 (yes=1, no=0) 0.10 0.08 0.09 25.0 0.30 0.28 0.29 
Male (yes=1,no=0) 0.83 0.77 0.80 7.8 0.38 0.42 0.40 
















Student (yes=1, no=0) 0.74 0.61 0.67 21.3 0.44 0.49 0.47 
Log of the number of park 
lots  5
4.57 4.38 4.42 3.3 1.56 1.01 1.04 
NOTE:  
1. Total includes both the samples of free-of-charge car parks and charged car parks; 
2. Entry in column (3) is equal to  
column(2)invalue(1)columninvalue −  / the larger value in column 
(1) and column (2)*100;  
3. The values in parenthesis of wait for shuttle bus and spent on shuttle bus are calculated by the samples excluded 
those walking to their destination;  
4. For the factor of salary, the values in parenthesis are the results of only visitor samples; 
5. The values in last row are calculated by 12 separate parks and then are combined to these two kinds of parks. 
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As shown in Table 5.1, the most significant difference among all the factors between free-of-
charge and charged car park is parking duration, which is 7.5 hours on average for free-of-
charge car parks and 2.4 hours for charged car parks. The former is more than 2 times than 
the latter. It indicates that the longer he or she wants to stay at campus, the higher probability 
he or she will choose the free-of-charge car park as the ideal choice.  
 
In order to indicate the relationship between parking duration and park condition, parking 
duration distribution at free-of-charge and charged car parks are given in Table 5.2. At the 
same time, an independence test is applied to justify the relationship. All the independence 
tests in this chapter are with level of significance =0.05. 
 
Table 5.2   Parking duration distribution at free-of-charge and charged car parks 
Free-of-charge car parks Charged car parks Parking 
duration (hour) Number Percent (%) Number Percent (%) 
<=1 4 3 40 28 
>1 and <=3 10 9 74 53 
>3 and <=5 20 17 14 10 
>5 and <=7 10 8 2 2 
>7 and <=13 73 63 10 7 
total 117 100 140 100 
 Degree of freedom= 4, Critical value =9.49< Statistic value =131.4 2χ
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According to the statistical test in Table 5.2, it shows that parking duration is highly 
correlated to the parking condition of parking fee. To show the difference more clearly, the 
comparison of cumulative curves of parking duration at free-of-charge and charged car parks 
is provided in Figure 5.1. It is noticed that nearly 90% of the free-of-charge car park users 
parked their cars for more than 3 hours, while more than 90% of the charged car park users 
limited their duration within 3 hours. For those whose parking duration exceeded 3 hours, 
only 20.2% chose the charged car parks. This result shows that for a trip needed long parking 
duration, say more than 3 hours, most people will prefer to utilize the free-of-charge car 




































free car parks charged car parks
 
Figure 5.1  Cumulative curve of parking duration at free-of-charge and charged car 
                    parks 
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The independence test in Table 5.3 indicates that these two variables are not independent and 
that the walking distance is correlated to parking location choice.  
 
Based on the results in Table 5.1, all of the free-of-charge car park users walked 294 meters 
on average, more 95% than the distance of charged car park users, who only walked 115 
meters. It may be displayed from the difference on the distribution of walking distance in 
Table 5.3 clearly that more than half of free-of-charge car park users walked 200 to 400 
meters to their destination, while only 11% of the charged users walked so long. On the other 
hand, one quarter of free-of-charge car park users walked more than 400 meters, while the 
Figure fell to 5 % for charged car park users. It is found that for those who walked longer 
than 200 meters, 81.5% chose the free-of-charge car park.  
 
Table 5.3 Walk distance distribution at free-of-charge and charged car parks 
Free-of-charge car parks Charged car parks Walking distance 
(meter) Number Percent (%) Number Percent (%) 
<=200 20 17 118 84 
>200 and <=400 65 56 16 11 
>400 and <=600 30 25 6 5 
>600 2 2 0 0 
Total 117 100 140 100 
Degree of freedom= 3, Critical value =7.81< Statistic value =116.1 2χ
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The comparison of two cumulative curves is shown in Figure 5.2.  It has been found that 
84% charged car parkers walked less than 200 meters to their destinations, while only 17% 
free-of-charge car parkers did so. On the other hand, 16% charged car parkers still walked 
more than 200 meters. The main reason is that not all the charged car parks are for non-



























free car parks charged car parks
 
Figure 5.2  Cumulative curve of walking distance at free-of-charge and charged car 
parks 
 
5.2.2 Socioeconomic characteristics 
 
The results of independence tests for the relationships between parking facilities related 
characteristics and socioeconomic characteristics are shown from Tables 5.4 to 5.9. It is 
found that only status has been correlated to both the walking distance and parking location 
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among three variables of socioeconomic characteristic. There is no significant difference 
between the male and female in choosing the parking location, as well as among the people 
of different age group. There is also no significant difference between the male and female in 
the walking distance, as well as among the people of different age group. 
 
It should be pointed out that the conclusion with respect to age is only based on such 
grouping as “below 30”, ‘between 30 and 45” and” above 45”.  If the grouping is rearranged 
by combining some subgroups, the relationship between them may also change accordingly. 
It is proven later that age is a significant variable in the choice model with level of 
significance α=20% (see Table 5.12), where age is divided into two grouped as below and 
above 30.  
 
Table 5.4 Relationship between walking distance and status 
Walking distance (100 meters)  
Status <=2 2~4 4~6 >6 
 
Total 
Student 80 63 27 2 172 
Visitor & staff 58 18 9 0 85 
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Table 5.5 Relationship between walking distance and gender 
Walking distance (100 meters)  
Gender <=2 2~4 4~6 >6 
 
Total 
male 108 63 32 2 205 
female 30 18 4 0 52 
Critical value=7.81>Statistic value =2.8 2χ
 
 
Table 5.6 Relationship between walking distance and age 
Walking distance (100 meters)  
Age <=2 2~4 4~6 >6 
 
Total 
<=30 88 58 23 2 171 
30~45 36 17 9 0 62 
>45 14 6 4 0 24 
Critical value=12.59>Statistic value =2.6 2χ
 
Table 5.7 Relationship between parking location and status 




student 86 86 172 
visitor & staff 31 54 85 
Critical value=3.84<Statistic value =4.2 2χ
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Table 5.8 Relationship between parking location and gender 
Parking location  
Gender free-of-charge charged 
 
Total 
male 97 108 205 
female 20 32 52 
Critical value=3.84>Statistic value =1.3 2χ
 
 
Table 5.9 Relationship between parking location and age 
Parking location  
Age free-of-charge charged 
 
Total 
<=30 83 88 171 
30~45 24 38 62 
>45 10 14 24 
Critical value=5.99>Statistic value =1.9 2χ
 
Because all of the students have an income below S$30,000, it is more meaningful to analyze 
it for the visitor and staff separately. The independence test in Table 5.10 shows that salary is 
not expected to be correlated to the choice of parking location on campus. The probable 
reason is that the persons did not give the real information of their salaries.  
 
Moreover, the fact that 20% of the parkers at charged car parks paid the parking cost by their 
companies make this conclusion less convinced, for these persons were not sensitive to the 
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parking cost at all. If all the responders paid the fee by themselves, the distribution on free-
of-charge and charged car parks by different salary categories would change accordingly and 
thus the above conclusion that salary is independent on the location choice would not stand.  
 
Table 5.10 Correlation of salary and parking location  
Salary (S$) Free-of-charge car park Charged car park Total 
Below 30,000  7 8 (0) 15 
30,000~50,000  13 38 (22) 51 
Above 50,000  11 8 (4) 19 
Total 31 54 85 
Degree of freedom= 3, Critical value =7.81> Statistic value =7.09  2χ
Note: The Figure in the parenthesis is the number who is paid by his/her company. 
 
 
5.3 Binary logit model estimation results 
 
Binary logit model is estimated on the basis of parking behavior survey. The dependent 
variable is the probability of a causal parker’s choice of free-of-charge or charged car park at 
NUS. The fifteen independent variables considered in this model were classified into three 
categories as personal socioeconomic characteristics, travel related characteristics and 
parking facility characteristics.  
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That all the t-values of coefficients except age are larger than 2.57 in Table 5.12 shows that 
these coefficients have differences from zero and are statistically significant at the 5% 
significance level. The signs on the coefficients are consistent with what would be expected 
for all the measures. Also the magnitude of all these coefficients is sense to account for the 
interpretation of parking behavior with this model.  
 
The model outputs to be examined are the signs and the relative values of the coefficients and 
the statistical significance. In addition, other criteria of goodness-of-fit were adopted in 
evaluating the model results, such as log likelihood index ratio  and adjusted log 
likelihood index ratio
In order to avoid multicollinearity between variables as well as wrong signs in the estimated 
coefficients, the correlation matrix between the 15 chosen variables is checked in Table 5.11 
before model calibration.  It is recognized that the correlation value between two variables 
higher than 0.5 is normally considered that these two variables are correlated and then one of 
them should be removed in the next trial stage. However, all the correlated variables will be 
tried one by one and only one or none may remain in the end. For example, parking duration 
and parking cost are highly correlated, but only parking cost appears in the model results for 
it is proven to be more suitable in the modeling process than parking duration. 
 
2ρ
2ρ . The estimation results and the statistical values are given in Table 
5.12. 
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Variable 1A1 2A2 3A3 4GEN  5STA 6SAL 7TT        8VOP 9WD 10PD 11TWB   12TSB  13WP  14COST 15LOTS 
15 LOTS 0.000 0.001 0.000 0.005 0.002 0.126 0.000 0.001 0.008 0.007 0.017 0.059 0.052 0.034 1.000 
14 COST 0.068 0.052 0.049 0.002 0.112 0.240 0.000 0.001 0.004 0.056 0.015 0.123 0.246 1.000 
13 WP  0.263 0.532 0.413 0.203 0.571 0.039 0.056 0.009 0.008 0.241 0.307 0.080 1.000 
12 TSB 0.101 0.087 0.011 0.206 0.005 0.230 0.002 0.001 0.145 0.020 0.205 1.000 
11 TWB 0.037 0.008 0.015 0.056 0.159 0.421 0.169 0.200 0.177 0.301 1.000 
10 PD  0.305 0.486 0.297 0.003 0.482 0.368 0.267 0.056 0.561 1.000 
9  WD  0.202 0.301 0.530 0.417 0.253 0.502 0.033 0.149 1.000 
8  VOP 0.004 0.258 0.020 0.053 0.138 0.257 0.352 1.000 
Note:  The meanings of all the variables are shown in Table 4.1. 
7  TT  0.023 0.001 0.053 0.000 0.001 0.005 1.000 
6  SAL  0.709 0.356 0.356 0.535 0.816 1.000 
5  STA  0.879 0.632 0.566 0.035 1.000 
4  GEN 0.016 0.213 0.132 1.000 
3  A3  0.403 0.182 1.000 
2  A2  0.827 1.000 
1  A1  1.000 
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Considering that the sample in this study is not large, the adjusted log likelihood index 
ratio of 0.32 is good enough to fit the real world population. It is also noted that the fit of 
disaggregate model will be always lower than the fit of aggregate model because the 
former is attempting to explain a much greater variance than the latter (Long and Jeremy, 
2001). 
 
Under the null hypothesis that all the coefficients are zero, this is, β1= β2= …= β5=0, the 
statistic {-2 (LL(0) – LL( β) ))}is distributed with 5 degree of freedom at the 95% level 
of confidence. Because the statistic value of 158.25 is much larger than critical value of 
21.96, the null hypothesis is strongly rejected in this case. 
2χ
 
Table 5.12 Binary logit model estimation results 
Number  Parameter              Coefficients    Std. Err         t value (p-value) 
1 Time of shuttle bus (minute)       -0.09957         0.01856    -5.365 (0.000) 
2 Walking distance (meter)  -0.00760         0.00137 -5.530 (0.000) 
3 Ln (number of lot)    0.19835          0.23341  2.992 (0.003) 
4 Parking cost (S$)   -0.45031          0.11301     -3.985 (0.000) 
5 Age (below 30=1, otherwise=0)  0.55828         0.41310   1.351 (0.177) 
          
Total number of observations:    257 
Log-likelihood at zero L(0):      -228.625543  
Log-likelihood at end L( β) ):      -149.502660 
-2 (LL(0) – LL( β) )):                  158.245766 
Asymptotic rho squared :        0.346081 2ρ
Adjusted rho squared 2ρ :            0.324211 
Note: Variables of time of shuttle bus and age are both specific to free-of-charge car parks; while 
parking cost is a specific variable to charged car parks. 
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5.4 Model validation 
 
This model can be put into practice only if it is proven to stand the validation test 
successfully. The method of model validation is conducted with the observation data 
against the predicted results. The less the difference between these two groups is, the 
better the specification and estimation of this model is. 
 
The observed and predicted vehicle numbers parking at different car parks are shown in 
Table 5.13. The former are the observed vehicles on 12 different parks from 8am to 11am 
in the survey, while the latter are the predicted parking vehicles. If the probability of 
choosing a free-of-charge car park is more than 0.5, then this free-of-charge car park is 
assumed to be selected by that individual, otherwise the charged car park is selected 
(because only two alternatives involved in this case). The accumulation of all the 
individuals’ selections is the prediction result. 
 
Hit ratio shows the percentage of observations where the model assigns the highest 
probability of selection to the alternative actually selected. The method is specified in 
Section 4.4.4. For the free-of-charge car parks, it is found from Table 5.13 there are 
totally 117 vehicles observed in the survey, while the predicted number is 104. It means 
that thirteen vehicles are wrongly predicted and thus the hit ratio here is 89% for the free-
of-charge car parks. Similarly, the hit ratio is 84% for the charged car parks. The total hit 
ratio for this model is 86%, which indicates the model is good at prediction. 
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At the same time, the scatter-diagram with predicted and observed vehicle numbers at 12 
car parks is shown in Figure 5.3. A good 2R value of 0.988 is obtained in this case. It 
becomes 0.927 if the furthest point (car park 12 in Table 5.13) is removed. 
 
Table 5.13 Predicted and observed vehicle numbers at 12 car parks 
Prediction Car Park  








      (%) 
1 1 6 3 33 
2 11 11 13 85 
3 7 7 8 88 
4 34 34 37 92 
5 25 30 30 83 
6 3 3 5 60 
7 16 16 20 80 
8 5 5 6 83 
9 13 15 15 87 
10 2 3 3 67 
11 12 24 17 71 
12 92 103 100 92 
Free  104 127 117 89 
Charged  117 130 140 84 
Total 221 257 257 86 
 
        Note: 1. Car Park 1 to 10 is charged car park, while car park 11 and 12 are free-of- 
                      charge car parks. Their locations are shown in Figure 1.1.  
       2. Hit ratio = Numbers of correct prediction / observation *100 
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Predicted numbers of parking vehicle 
 




5.5 Model interpretation 
 
Constant term 
Constant term was dropped from the model in this case because it was not significantly 
different from zero in terms of statistical explanation. Actually, the constant reflects the 
mean of jnin εε − , that is, the difference in the utility of alternative i from that of j when all 
else is equal (Ben-Akiva and Lerman, 1985). So no constant in this model represents that 
there is no obvious preference for choosing free-of-charge car parks or charged car parks. 
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Walking distance 
Walking distance is found to decrease the likelihood of choosing that car park (t=-5.53, 
p<0.001). From the analysis of the odds ratios to interpret the effects of individual 
coefficients, we know that additional 100 meters on walking distance will lead to the 











==        (5.1) 
 
where iβ is the coefficient of walking distance, and ix is the variable of walking distance. 
 
A useful way to calculate the value of time is to find the rate of substitution between 
perceived times and costs of parking at constant utility (Gaudry et al., 1989). This 
approach yields the following expression of calculating value of time: 
 
cθ
tθtimeofValue =            (5.2) 
where tθ is the coefficient of walking time and cθ the coefficient of parking cost. Thus, 
the value of walking time of S$25.3 per hour is obtained from the BL model (assuming a 
walking speed of 1.2 m/second [Richardson, Schnablegger, Stephenson and Teply, 
1984]). Compared to the findings of parking study in the CBD environment of Edmonton 
in Canada (Hunt and Teply, 1993), where the value of walking time is $17.49 (Canadian 
The National University of Singapore  - 70 -  
                                                                    Chapter Five: Parking Location Choice Model 
 
dollars), it is a little high. However, if the factors of time and exchange are taken into 
account, it is reasonable. 
 
Shuttle bus service 
The factor of time waiting for and spent on the shuttle bus (t=-5.365, p<0.000) has a 
significant negative effect on the choice of free-of-charge car parks, because it is a free-
of-charge parking specific variable with a negative coefficient. It indicates that the more 
time the people spend on it, the less willingness the people have to choose free-of-charge 
car parks. This variable is very helpful in evaluating policy efficiency of shuttle bus 
service. Also the value of time of shuttle bus may be derived from this model.  
 
The value of time waiting for and spent on shuttle bus is derived as S$13.3 per hour from 
the BL model with respect to the coefficients of parking fee and time of shuttle bus 
shown in Table 5.12. The method is the same as that of value of walking time. It is 
almost equal to one half of the value of walking distance. According to the 
recommendation of Department of Transport of British in 1987 that the values of walking 




Parking cost is without doubt the most important and efficient policy tool in parking 
demand management in the city, as well as in the campus (Salomon, 1986). In this case 
parking cost is obtained by multiplying parking rate and parking duration. From Table 
5.12, it is a significant variable (t=-3.985, p<0.001). According to Equation (5.1), it is 
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found that the odds of choosing charged car park will decrease by 36% with an increase 
of S$ 1 in parking fee for the individual parkers, holding all other variables constant. 
With the same increase of parking cost, 11% of persons presently in charged car parks 
will transfer to free-of-charge car parks, holding all other variables at their means. 
 
The parking cost elasticity is -0.485 for the alternative of charged car park. It suggests 
that a 1% increase in the parking cost results in a 0.485% reduction in the probability of 
choosing this kind of car park.  
 
Parking supply 
It is found that the variable of ln(lots) (t=2.99, p=0.003) is more favorable than lots in the 
model estimation according to the goodness-of-fit statistic, because ln(lots) improves the 
value of  2ρ by 0.065. Moreover, its t value is greater than that of lots. This is consistent 
with the findings of McFadden (1978) and Fisk and Boyce (1984) that the size effect is 
equal to the log of the number of stalls.  
 
The number of stalls appears to have a positive influence because the parks with more 
stalls contain a greater proportion of the total available parking supply in campus and also 
can accommodate a greater proportion of parking vehicles. Although it is also likely to be 
positively correlated with several unattractive factors, such as the delay of entering and 
exiting facilities and more time wasting on searching for a safe and comfortable lot which 
are not represented in the model, the combined negative effects on the location choice 
behavior seems not so important. This variable indicates that more people would like to 
park their cars at the larger car parks.  
 
The National University of Singapore  - 72 -  
                                                                    Chapter Five: Parking Location Choice Model 
 
Age  
Although age (t=1.35, p=0.177) is not as significant in the model as other variables, it 
plays an important role in explaining the choice behavior in this study. It appears as a 
specific variable for free-of-charge parking alternative in this binary logit model for 
socioeconomic variables have no real effect as a generic variable. The positive sign 
shows that young people (younger than 30) have a strong trend toward selection of free-
of-charge car parks. For the persons who are younger than 30 years old, the odds of 
choosing free-of-charge car parks are 1.75 times greater than those above 30. It is 
consistent with the fact that the elder are not willing to walk a long distance compared to 
the young because of their body condition. In order to avoid the parking fee, young 




A representation of the influence of “who pays the fee” could not be incorporated into the 
model because of too small samples answering “company”. Only 9.1% of the responders 
paid the parking fee by their companies.  
 
It is interesting to note that both salary and status (whether student or not) variables do 
not prove to be statistically significant in the model. Actually they are both correlated to 
age based on the correlation matrix in Table 5.11. So only one of these three variables 
may remain in the model and age is proven to be a significant variable in the end.  
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Due to high correlation with parking cost, parking duration does not appear as an 
explanatory variable in the model. However, it decides the parking cost in that all the 
parking rates are same over the campus. So it is useful to observe the effects on parking 
location choice. The probabilities of choosing free-of-charge car parks with different 
parking duration are shown in Figure 5.4. Note that all the variables except parking cost 
stand at their means. For only the work hours from 8:30 a.m. to 5:30 p.m. are charged at 
those charged car parks, the probability of choosing the free-of-charge car parks will not 
































  Figure 5.4   Probabilities of choosing free-of-charge car parks at different parking 
 duration   
 
As far as the point at zero parking duration is concerned in Figure 5.4, the probability of 
choosing the free-of-charge car parks is less than 0.1. It means that if the parking cost is 
not considered, very small proportion of the drivers will choose the free-of-charge car 
parks. It is also known from Figure 5.4 that the balance point of choosing these two kinds 
of parking equally is at about 6.5 hours of parking duration on average.  
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Four main parts are included in this chapter. They are analysis of parking choice survey 
results, estimation results of BL model, model validation and interpretation of model 
results.  
 
According to the statistical data, the most significant difference between free-of-charge 
and charged car parks is the parking duration. However, the differences of walking 
distance and travel time at these two different type parks are also very obvious.  It is 
found that the variables of age, parking capacity, walking distance, parking cost and the 
time of shuttle bus are significant in the parking location choice behavior in campus. 
Through the coefficients of parking cost, time of shuttle bus and walking distance in the 
model, the values of walking time and shuttle bus related time are derived as S$25.3 and 
S$13.3 per hour, respectively.  
 
In the process of model validation, the overall hit ratio of 86% and the R value of 0.988 
between observed and predicted number are obtained and these two numbers both 
demonstrate the ability of the BL model in prediction.  
2
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After the model estimation, model validation and interpretation of the model results, a 
specific example of model application will be given in this chapter. It is done by checking 
the effects of different relevant variables on the parking location choice behavior on 
campus. The prediction of proportion of charged car park usage is examined on the 
different levels of parking fee rates, shuttle bus service as well as the parking supply. Also, 
a general suggestion to reduce the usage of parking facilities at core area on NUS campus 
based on these predictions is provided in the end. 
 
 
6.2 Model application 
 
It is of particular importance and usefulness to identify the car parker’s responsiveness to 
the changes of parking policies. In contrast to the estimated parameters, the predicted 
probability of choosing free-of-charge or charged car parks under different parking policies 
is more informative from a policy perspective. To overcome the problems of insufficient 
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car parking facilities and the traffic delays faced by NUS campus, attracting more visitors 
to use the fringe car parks seems an efficient cost-benefit method.  
 
The role of the parking choice model on the operation of parking system on campus is 
shown in Figure 6.1. The choices will influence the demand of the parking, which is 
represented by the parking vehicles at free-of-charge and charged car parks. Meanwhile, 
parking choice is affected by parking supply, which includes parking policy and service 
level of parking facilities. In order to balance the supply and demand, university authority 
is responsible for checking and enacting the policies, such as parking price, based on the 
feedback of parking demand, while the development company is in charge of the daily 
operation of the whole parking system and adjust the parking service by means of parking 
space and shuttle bus service according to parking demand situation. By increasing the 
parking price, more car parkers will transfer to the free-of-charge car parks from the 
present car parks. However, expanding the car parking space of the free-of-charge car parks 
at the fringe of campus and improving the shuttle bus service will have the same effects. 
 
The possible shares by free-of-charge and charged car parks in NUS campus are examined 
with the emphasis on increasing the hourly parking rates, improving the service of shuttle 
bus in terms of frequency and travel time, as well as expanding the provision of fringe 
parking facilities to achieve the goal of minimizing the utilization of charged parks in NUS 
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  Figure 6.1 Application of the parking location choice model 
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6.2.1 Change of parking rates 
 
Pricing is always an efficient measure of the parking policy to manage the parking demand. 
In order to examine the effect of parking fee rates on location choice behavior, the different 
rates on basis of present value are proposed.  
 
It is noted that actually increasing parking price will not only make some drivers transfer 
from charged car parks to free-of-charge ones, but also change the travel mode choice for 
some drivers. The latter effect is not considered in this study. 
 
Table 6.1 Probabilities of choosing free-of-charge car parks at different parking rates 
Adjusted  coefficients  of 
present parking fee rate 
Probability of choosing 
free-of-charge car parks (%) 
Decrease or increase 
by (%) 
                      α=0.8 46.2 -6.29 
α=1.0* 49.3 - 
α=1.2 51.3 4.06 
α=1.5 53.8 9.13 
α=2.0 60.7 23.12 
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6.2.2 Change of the shuttle bus service 
 
One purpose of providing with service of shuttle bus in NUS campus is to attract more 
people to park their cars at free-of-charge car parks which are located at the edge of 
campus with less walking distance. This strategy may to some extent tackle the issue of 
insufficient supply of on-campus car parks. On the other hand, it can decrease the traffic 
volume on the road system on campus and thus improve the efficiency of total 
transportation system.  
 
Table 6.2 gives the prediction of usage of charged car parks with the different measures of 
improvement on the shuttle bus service. Considering the present observed average waiting 
time for the ISB during peak hours is 7.8 minutes, although the scheduled headway is about 
8.5 minutes (the minimum and maximum headway is 4 and 13 minutes respectively), two 
and four minutes are proposed to be reduced to check the responds of the drivers. It shows 
that if the total time of waiting for and spent on bus reduced by 4 minutes, the probabilities 
of using free-of-charge car parks will increase by 7.3%. 
 
Table 6.2   Probabilities of choosing free-of-charge parks with changes of ISB service 
Proposed reduced minutes of waiting 
for and spent on shuttle bus (minute) 
Probability of choosing 
free-of-charge car parks (%) 
Increase by (%) 
T=0 49.3 - 
T=2 51.3 4.06 
T=4 52.9 7.30 
The National University of Singapore  - 80 - 
                                                                                         Chapter Six: Model Application 
 
 
6.2.3 Change of the capacity of free-of-charge car parks 
 
Parking capacity is also an important factor in the parking location choice model, so it can 
be treated as one part of parking policy. To increase or decrease the numbers of parking 
lots at some specific locations, the probabilities of choosing the free-of-charge car parks 
will also change accordingly. To be in line with the purpose to induce more infrequent 
drivers to use the free-of-charge car parks at the fringe of campus, it’s recommended to 
increase the parking capacity at these locations. The proposed capacity of the free-of-
charge car parks and the corresponding probabilities of choosing these car parks are shown 
in Table 6.3. 
 
Table 6.3    Probabilities of choosing free-of-charge car parks by proposed parking  
                    supply 
Location of free-of-
change car parks 
Proposed number 
 of parking lots 
Probability of choosing  
free-of-charge car parks (%)  
400 53.1 Car park 6@Kent vale 
500 58.2 
100 54.1 Car park 10 A @  
Crisp Satellite Station 200 57.8 
NOTE: The present number of parking lots of these above two car parks is 316 and 32 
respectively.  
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6.2.4 Combination of different measures  
 
As discussed in Chapter One, there is almost no free space to expand the present parking 
facilities, including the fringe area of the campus. So the viable way to be considered is to 
adopt the combined measures of parking price and ISB service. Table 6.4 gives the 
prediction results of aggregation usage of free-of-charge car parks with the improvements 
of the shuttle bus service under different parking pricing structure. 
 
It is done by supposing that all the other variables stand at their mean values obtained from 
the survey and changing the parking fare and time waiting for and spent on the ISB at the 
same time, then calculate the choice probability with the Equation (4.1), where i represents 
free-of-charge car park and j represents charged car park. 
 
Table 6.4  Probabilities of choosing free-of-charge car parks with combined effects 
                        of parking price and shuttle bus service 
 T=0 T=2 T=4 
α=1.0 49.3 51.3 52.9 
α=1.2 51.3 54.9 57.3 
α=1.5 53.8 57.2 59.6 
α=2.0 60.7 61.3 63.7 
Note: the symbols here have the same meaning as in Table 6.2 and 6.3. 
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6.3 Suggestions  
 
It is hard to compare the effects on the parking demand of these three measures consisted 
with parking price, supply and bus service. However, the easiest and safest way is to 
improve the service of shuttle bus, such as increasing the frequency and the travel speed. 
While the problem is that before attracting more drivers to park their cars at the fringe 
parks, the delays on the roads are not alleviated because of those cars finding their parks in 
centre area and it is hard to increase the travel speed for the shuttle bus. So it is better to 





This chapter gives an example of model application to demonstrate the usefulness of this 
BL model. The effects of three major policy related factors are examined on the choice of 
parking location in NUS campus. The results show that the usage of free-of-charge car 
parks will increase by 23.12% with two times of present parking fee rate, while it will 
increase to 63.7% with the combined measure of decreasing 4 minutes on waiting for and 
taking on the shuttle bus. 
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In order to study the parking location choice behavior, only infrequent car park users are 
identified and the season car park users who in fact have no choice on the parking 
location are excluded in this study. They will definitely choose to park their cars as near 
as possible to their destinations under the same pricing structure and same parking 
conditions, because they have the right to park anywhere on campus. So the choice for 
them is just about the decision on travel mode, instead of location. However, it will be 
interesting to investigate what factors and how these factors affect their choice behavior 
in the long run and then compare the two sets of results. 
 
Among these infrequent drivers, those who paid the parking cost by their companies are 
very special in that they are no as sensitive to the parking cost as those who pay the cost 
by themselves. So parking cost is not a major factor for them in the process of searching 
for their parking lots. However, this factor is not reflected in the model. It will affect the 
prediction accuracy when the parking pricing structure is adjusted in model application. 
One method to solve this problem is to separate this group out of the whole samples and 
build a specific model for this subgroup. In this study, it is impossible because this kind 
of sample is only 26. 
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Although binary logit model is good enough to represent the parking choice behavior on 
NUS campus, MNL model was also tried initially with four alternatives which are free-
of-charge car parks at the fringe of campus, car parks in the east, car parks in the south-
west and car parks in the north-west respectively. However, the results were not 
satisfactory because it did not pass the test of IIA, which meant that the random 
components of utility were not independently and identically distributed across the four 
alternatives and observations of the choices. The reason is that except the free-of-charge 
car parks, the other three all belong to charged car parks and share the great similarity 
among them which makes them correlated with each other. It means that the random 
components of utility are not independently and identically distributed across these three 
alternatives. But if the number of alternatives reduces to two, only as free-of-charge and 
charged car parks, the situation is different. Such two alternatives are not correlated in 
that they differ so much with respect to the location, service and pricing structure. The 
free-of-charge car parks are located at the fringe of campus and provided with ISB 
service as the choice of park-and-ride mode for the drivers, while the charged car parks 
are located within the campus. So the BL model will not violate the IIA in this study. 
 
 
7.2 Conclusion  
 
The need for in-depth understanding of parking choice behavior on NUS campus brings 
out this study of parking location choice model. A binary logit model is selected to 
describe the relationship between the choice of free-of-charge and charged car parks and 
the related factors and has been successfully developed and validated in this study. It is 
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found that not only the parking facility characteristics, such as parking fee, number of 
parking lots, walking distance and time wait for and spent on the shuttle bus, but also the 
socioeconomic characteristics, like age, affect the choice behavior on campus. However, 
the trip characteristics, such as travel time, are not significant in this model. 
 
Based on the estimation results, the simple application of this choice model with various 
parking policy measures is illustrated to give some valued ideas of parking management 
for university authority. It seems that the combination of both improving shuttle bus 
service and adjusting parking pricing will lead to a significant decrease of the usage of 
charged car parks. It is just the objective for the university administration to solve the 
problem facing nowadays at NUS.  
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  Appendix 1:  Survey Questionnaire 
Parking Location Choice Survey 
(For Free Car Parks)       
 
1. Age:   ڤ 20-30   ڤ 30-45  ڤ above 45 
2. Gender: ڤ male   ڤ female 
3. Statue:   ڤ student   ڤ visitor   ڤ staff 
4. Travel time of this trip: ________ min 
5. How many persons are there in your car? (including the driver)__________ 
6. Your destination :____________  (please specify the block) 
7. How long do you plan to park here? _________hours 
8. How do you get to your destination?        ڤ shuttle bus            ڤ walk 
*if you select shuttle bus, please continue; otherwise please go to question 11. 
9. How many minutes did you wait for the shuttle bus last time?_________ 
10. How many minutes did you spent on the shuttle bus last time?__________ 
• if you are a student, please stop here. 
11. Annual salary(S$):  ڤ below30,000     ڤ 30,000-50,000   ڤ above 50,000 
----END--- 
                     
 
  
  Appendix 1:    Survey Questionnaire 
 
Parking Location Choice Survey 
(For Charged Car Parks) 
  
1.   Age:    ڤ 20-30   ڤ 30-45  ڤ above 45 
2. Gender: ڤ male   ڤ female 
3. Statue:   ڤ student   ڤ visitor  ڤ staff 
4. Travel time of this trip: ________ min 
5. How many persons are in your car? (including the driver) __________ 
6. Your destination :____________  (please specify the block) 
7. How many time do you plan to park here? _________hours 
• if you are a student, please stop here. 
• if you are a visitor, please indicate who pays: ڤ company  ڤ yourself 
8. Annual salary(S$):  ڤ below30,000     ڤ 30,000-50,000  ڤ above 50,000 
----END--- 
   
 
